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VINYLARQMATI C BLOCK COPOLYMERS BEING HIGHLY SENSITIVE TO 
RADIATION CURING AND COMPOSITIONS CONTAINING THEM 



The invention relates to block copolymers, containing at least 
one block predominantly derived from a vinylavomatic monomer and at 
least one block predominantly derived from a conjugated diene, and 
more particularly to block copolymers which have shown an 
attractive sensitivity to radiation curing and to radiation curable, 
sealant, coating and/or adhesive compositions containing said block 
copolymers . 

More in particular the invention is relating to pressure 
sensitive adhesive compositions containing these block copolymers 
and providing attractive high temperature resistance even after low 
radiation dosages, whereas the tack properties remain unchanged. 

From the middle seventies several efforts were made to come to 
block copolymers giving improved properties to adhesive 
compositions which should be economically processed into their end 
user form, i.e. giving an optimum balance between processing speed 
(throughput) and final adhesive properties. 

Such efforts can be derived from e.g. U.S. patents 
Nos. 4,152,231; 4,163.764; 4,391,949 and 4,444,953. 

U.S. patent No. 4,152,231 disclosed a cured polymer 
eosposition possessing attractivs cohesive strength zt high 
temperature, prepared by the radiation curing of a polymer 
composition in an inert atmosphere, the polymer composition 
comprising: 

(a) 100 parts by weight of a linear or radial conjugated diene 
polymer selected from the group consisting of homopolymers of 
C 4" C 12 ""J*** 1 ** dienes . a" 4 the hydrogenated derivatives 
thereof; 

(b) from 0 to about 250 parts by weight of a tackifying resin; and 
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(C ) from .bout 1 to about 100 parts by weight of a di- or tetra- 

functional acrylate or methaerylate selected from the group _ 
consisting of the acrylic and -etbacrylic acid esters of 

^ly.ners to be used as component (a) were taught in column 
5 to be preferably consisting of a nucleus of a coupling agent or 
residue and a number of arms of substantially linear unsaturated , 
extending outwardly therefrom, the number of arm. varying , 
ITZ\ Z 30 and preferably between from about Tto about 15. 
Star-shaped bloc, copolymers to be applied cou d be^ . ; 

— . - — — ».- «• - 

- . u , d ^6 peek molecular weights between 

r ri it* wo*. « — *• «— - 

25 to 400 feet per minute. 
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U.S. patent No. 4,163,764 disclosed a process for the 
preparation of a coupled block copolymer to be used in adhesive 
compositions , which process comprises the steps of polymerizing a 
first monomer selected from monovinyl eromatic hydrocarbons under 
solution polymerization conditions, employing a hydrocarbon 
diluent, and a first effective increment of a hydrocarbyl 
monolithium initiator. 

Subsequently to the still-living polymerization mixture 
. resulting therefrom at least one second monomer, selected from 
conjugated dienes together with a second effective increment of a 
hydrocarbyllithium initiator were added, provided that second 
initiator increment is greater than said first initiator increment, 
and the polymerization was continued. 

Thereafter, the resulting polymerization admixture was treated 
with an effective asaount of a coupling agent which was at least 
difunctional, whereby a mixture of coupled block copolymers were 
produced, which did not contain one predominantly occurring block 
copolymer, as will be appreciated from column 7, lines 63-68 and 
column 8, lines 20-65. 

It. will be appreciated by. a person skilled in the art that 
said U.S. patent did not contain any teaching to radiation curable 
adhesive compositions and in particular not to any enhancement of 
the sensitivity of a constituting block copolymer to UV or EB 
radiation curing. 

Moreover, according to the table in the top of columns 7 and 8 
the vinyl contents of the polybutadiene blocks in the initially 
prepared living block copolymers were < 9%, due to the intentional 
measures specified in column 2, lines 48-:63. 

From the interrelated U.S. patents Nos. 4,391,949 and 
4,444,953 block copolymers and their particular utility in adhesive 
compositions were known. In particular block copolymers such as 
KRATON D-1320X are described therein. 

The block copolymers showed the structure (A-B^ Y<C)z. 
herein A vas £ poly (tter.oslkenyl) sarcastic block. B and C were 
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polyUonJugated diene) polymer blocks, Y was the residue of a 
■alttfunctional coupling agent and x plus z was greater than*; 

Again no teaching to a person skilled in the art could b« 
found as to radiation curable adhesive compositions and more in 
particular an enhancement in sensitivity to UV or EB radiation 
curing of the block copolymer ingredient. 

On the other hand there vas a general teaching during ««v«al 
years to a person skilled in the art that block copolymers to be 
Led in adhesive compositions, curable >y radiation, preferably 
8h ould contain polyisoprene midblocks. with £ 
difficult control of the processability in hot melt adhesWe 
compositions of polyCbutadiene) containing block copolymer, 

such SIS block - ****** "^T^ t „ 

example in J.R. EricKson. ^ Jager 

1M7 Hot M8lt symposium TAPP1. Atlanta, p. 35-49. E.E. Ewins 
. „lt ,r..«r. - •7"*'* loB „, X9B7 P.!*-". 
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Sensitive Adhesives, 15. Monchner JQebstoff-u Veredlungsenlnar 
1990, p. 96-101 and especially p. 97-99. 

As general teaching could be derived by e person skilled in 
the art from these hereinbefore mentioned publications, that 
radiation curable adhesive compositions had to contain as main 
ingredient block copolymers derived from styrene and a branched 
conjugated diene such as isoprene. that for chemically 
cross-linking In a desired cross -linking density at economical 
radiation doses by exposure to either electron beam (EB) radiation 
or XN radiation, the adhesive formulation had to contain at least 
one supplemental multifunctional coupling agent such as was known 
£ro= e.g. Radiation Curicg of PSA's based en Thermoplastic Rubbers, 
U.J. St. Clair, Adhesives Age, March 1990, p. 30-35 and in 
particular p. 35, and that the selection of tackifying resins was 
considered to be of prime importance for obtaining the maximum 
amount of polymer cross -linking with a minimum of EB radiation. 

Efforts to meet the major challenge in the design of radiation 
cross-linkable multiblbck copolymers suitable for PSA applications 
of balancing the cohesive and adhesive strength properties of the 
PSA after irradiation, in an alternative direction were disclosed 
in e.g. U.S. patent No. 5,066,728. 

-In particular sale sate*:- diuclcssd a block copolymer to be 
used in radiation curable adhesive compositions, having endblocks 
of phenylbutadiene and an elastomeric midblock of a conjugated 
diene selected from polyisoprene or polybutadiene , giving rise to 
cross-link later on by radiation, confined primarily to the end- 
block domains. 

The use of phenylbutadiene as the endblock monomer Is alleged 
to solve a key problem of the prior art. namely preferential 
cross-linking of the .endblocks without substantially cross-linking 
the elastomeric midblocks. Therefore a person skilled in the art In 
charge of Improving the sensitivity of block copolymers relating to 
radiation curing in adhesive compositions was only led away from 
the more conventional block copolymer structures. 
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of a mixture of a series of individual nolecules as obtained 
according to the hereinafter specified preparation methods. 

For example, in case of a ratio between the initially prepared 
living polymers AB-Li and B-Li of about 1.0. and a tetravalent 
5 coupling agent, the individual molecules in the polymer mixture 
will be (AB) 4 X, (AB) 3 BX, (AB) 2 (B) 2 X, <AB)<B) 3 X, <B) 4 X while 
(AB^B)^ occurs In an amount of 37.5% (6/16). 

The poly(monovinylaromatic) blocks may be derived from 
styrene, alphamathyl styrene, tert. -butyl styrene, 4-propyl 
10 styrene. paramethyl styrene end other ringalfcylated otyrenes, 

1-vinylnaphtalene , 2-vinylnaphtalene as well as mixtures thereof, 
of which styrene is particularly preferred as main component. 

The preferred monomer styrene is most preferably used as pure 
monomer. 

15 a preferred class of block copolymers aecording^to the present 

invention will contain B blocks, having an apparent qolecular 
weight in the range of from 15,000 to 250,000 and preferably from 
25,000 to 80,000, whereas the A blocks have on apparent molecular 
weight in the range of from 5.000 to 125,000. preferably from 7,000 
20. tn 50,000 and aost preferably fro- 9,000 to 12,000. 

The most preferred group of block copolymers to be used in hot 
melt pressure sensitive adhesive, coating or sealant compositions, 
can be characterized by a structure (AB) p (B) q X, wherein X is the 
residue of a tetravalent coupling agent, wherein p and q both have 
25 * number average value in the range from 2.5 to 1.5 whereas the sum 
of p and q values being 4 , and wherein preferably p and q both have 
a number average value of from 2.1 to 1.9. 

The total apparent molecular weight of these block copolymers 
is in the range of frosa 50,000 to 350,000 end preferably in the 
SO range of from 200,000 to 300,000 and the vinyl content in the 

poly<butadiene)blocks is in the range of froia 35 to 70% and more 
preferably from 45 to 70%. 

The- most preferred group of coupled radial block copolymers 
can be prepared by a process which comprises: 
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(a) polarizing Pregnantly butadiene in the presence of a 

living poly<monovinylaromatic> lithium compound A-U. in which 
A represents a polymerized monovinyl aromatic block, in the 
presence of a modifier, so as to form a block copolymer 
A-B-Li. in which block B substantially comprises 
1.2-polymerized butadiene; 

0.) polyline pr.do«l.»ncl» butadiene 1" *e P"*""* " 
or,!Lllthl» initiator. BLi. «har.ln R being - 

c fier so ae to form a polymer 

„ d the oonpW A.U h.^ !» *. «- .£ £ ™ ° r 6 " " 

b, th. poly-rlaatlon. «"«°~ d 
(b) ,1th . couple *«* " "".functl^ 

u\kU be .PPfcLted that during th. ie 
»— «— * iU "" S "' ^ ^ nrJoi-'OO.'sud. *nyl 

the EB and/or the UV radiation sensitivity of the final 

of glycols. Moat preferred « 

ether of athylan. S^ol, «-»«««"• the «*« ° f < 

^ - ^\TZZ^ -thoxy 

Iddl. ethylene radical, such as nonoglyM. «. y» 
v i 'thorv 2-t.rt.-b»ro«y .than, and th. like. 

a. ^tahu'o sanlllthlu. Initiator, can he uaad on. or »re 

^Ui*-. Uopropyllithin., n-h.tyUl^. 
; ..c-bntylllthiu., tort.-ottyllithln.. n-decylUthlu.. 
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n-elcosyllithium, phenylllthium, 2-naphthyllithium, 
4-butylphenylllthium, cyclohexyl lithium, 4-cyclopentylbutyllithium 
and the like, of vhieh sec -butyllithium or tert. -butyllithium are 
preferred. 

With the tern "predominantly butadiene" as used throughout the 
present specification is meant that also butadiene, vhieh contains 
small amounts of other conjugated dienes or vinylaromatic monomers 
(< 5 vt%) may be used for the beforedeseribed polymerization steps. 

An essential feature of the preparation of said most preferred 
coupled block copolymer is formed by the aim to obtain a reactive 
molecular structure. Which is stable under processing conditions. 

In order to obtain an exact as possible ratio 50/50 of poly- 
butadiene and poly (vinylaromatic) - poly (butadiene) arms, care has 
to be taken that exactly the same amount of the organolithium 
compound (eg. s -butyllithium) for the initiation of the 
polymerization of vinylaromatic (styrene) and of butadiene 
respectively is added in order to reach an almost equal amount of 
living polymer chains of both types A-B-Li and B-Li. 

As coupling agent Sr. forta the finally desired star-shapsd 
block copolymer composition, containing (AB) 2 B 2 X, any compound 
having four almost equally reactive sites can be used. Preferably 
SiCl^, SnCl^ or DEAP or mixtures thereof can be used. 

It will be appreciated that another group of coupled radial 
block copolymers, showing the improved EB or TJV radiation 
sensitivity according to the invention can be advantageously used 
in solution pressure sensitive adhesives, coatings and sealings, 
which can be characterized by a molecular structure (AB) p (B) q X, 
wherein A and B are as defined hereinbefore, wherein K is the 
residue of a polyvalent coupling agent, Wherein p has a number 
average value of at least 1.5 and preferably in the range of from 3 
to 20 and more preferably in the range from 3 to 10, wherein q has 
a number average value of 0 or higher and preferably in the range 
from 0 to 10, wherein the sum of p and q values being at least 4 
and preferably more than 5 and more preferably in the range from 6 
to 20, and wherein the ratio p/(p+q) is 0.375 or more. 
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(d) simple structure of the block copolymer which can be 

manufactured with a coupling efficiency of greater than 95% in 
usual relatively simple equipment giving rise to a rather 
cheap block copolymer of a well-regulated structure. 
It will be appreciated that another aspect of the present 
invention will be formed by solution end hot melt adhesive 
compositions. A preferred aspect Is formed by hot melt adhesive 
compositions, having en improved sensitivity to UV and/or EB 
radiation curing comprising as main ingredient the hereinbefore 
specified coupled block copolymers (AB) p (B) q X. together with the - 
usual ingredients of pressure sensitive adhesive compositions, such 
as tackifying resin, extender oil and/or plasticizer, petroleum 
derived waxes, antioxidant, photosensitizer (only necessary In case 
of UV radiation curing) and optionally an A block modifying resin. 

It will be appreciated that another aspect of the present 
invention is formed by solution adhesive compositions, comprising 
the block copolymers as specified in pages 6 and 7. 

The block copolymer by itself has appeared to be not 
sufficiently tacky or sticky. Therefore it is necessary to add a 
tackifying resin that is compatible with the elastomeric poly- 
(butadiene) blocks . 

In the adhesive compositions according to the present 
invention it has been found preferable that the tackifying resin 
should have a low level of unsaturation in order to achieve low 
radiation curing dosage of the adhesive composition; mixtures of 
rasias having higher and lever -jusatttir£.tior.s and softening points 
may also be used but are less preferred due to possible 
uncontrollable side reactions. 

Examples of resins which are useful in the adhesive 
compositions of the present Invention include saturated resins, 
esters of resins, polyterpenes , terpene phenol resins, and 
polymerized mixed olefins or mixtures thereof. 

The amount of tackifying resin or resins in total varies from 
0 to 500 parts per hundred parts of block copolymer (phr) , 
preferably from 50 to 200 phr. 
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Optionally a modifying resin that Is compatible with the 
polyvinyl aromatic) blocks, -ay be added as long as It does not 
appreciably hinder the radiation curing process as a result of 
.ixing on a molecular level with the poly(butadiene) blocks 

Compatibility is Judged by the method disclosed in U.S patent 
Mo. 3.917,607. Hcrmeily the resin should have a softening point 



s 100 *C as determined by ASM method E28. 
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Such oils are for example SHELLFLEX 451, 4510 (SHELLFLEX is a 
trade nark); ONDINA 68 (ONDINA is a trade mark); RISELLA 68 
(RISELIA is a trade mark) ; PRIMOL 352 (FRIKOL is a trade mark) ; 
KITCO 260 (WITCO is a trade mark); and the like. 
5 Alternatively, the oil Day be totally non-aromatic. The 

oligomers may be polypropylene, polybutene, hydrogenated 
polyisoprene, hydrogenated polybutadiene , or the like having 
average weights preferably between 200 and about 10,000. 

Vegetable and animal oils include glyceryl esters of usual 
10 fatty acids and polymerisation products thereof. 

The amount of plasticiser and oil employed varies from 0 to 
500 phr (parts by weight per hundred parts by weight of rubber) , 
preferably from 0 to 100 phr and more preferably from 5 to 60 phr. 
Various petroleum derived waxes nay alro be present in the 
15 composition in order to impart fluidity in the molten condition of 
the adhesive and flexibility to the set adhesive, and to serve as a 
wetting agent for bonding cellulosie fibers. The term "petroleum 
derived wax- includes both paraffin and microcrystalline waxes 
having a melting point within the range of about 54 *C to about 
20 107 *C as well as synthetic waxes such as low molecular weight 
polythylene or Fisher-Tropsch waxes. 

The amount of petroleum derived waxes employed herein varies 
from 0 to about 100 phr, preferably from 0 to about 15 phr. 
It will be appreciated that the best results (i.e. a 
25 satisfactory curve achieved with minimum irradiation dosage) are 
achieved when, like the tackifying resins, the plasticisers and 
oils contain low levels of unsaturation. Additionally, it is also 
preferable to minimize the aromatic content thereof. 

The adhesive compositions may further contain conventional 
30 additives such as e.g. stabilisers, pigments, fillers and the like 
but the compositions should be free of other additives and 
impurities which adversely affect the adhesive properties of the 
composition, and particularly the high temperature properties 
thereof. 
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Stabilisers and oxidation inhibitors are typically added to 
the cononercially available compounds in order to protect the 
ingredients against degradation during preparation and use of th* 
adhesive coitions , however without interfering with the 
irradiation curing of the polymer. 

Cation, of -m.... .» »£- — •«-«*» *» - 
*. ai«..„t »cW.». =£ «. *leb «1~ pol^r. 

~ ««— — 

xHIr. ro! « 0.0! p.rc.nt co .bout 5.Q P-rc* b y 

preP .r.d b, blendlr* b!o<* cop.lr««. fcklfylr* r. 
usual type of mixer for that propose sulted for 

35 method for processing is the use of an extrud 
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and feed the coating die as is disclosed in US patent 
No. 3,984,509. 

The compositions of the present invention axe cured by 
exposure to high energy ionizing radiation such as electron beam 
5 radiation. 

The electron beam radiation or high energy ionizing radiation 
which employed to effect the cross -linking reaction can be obtained 
from any suitable source such as an atomic pile, an electron gun, a 
resonant transformer accelerator, a Van de Graaf electron 
10 accelerator, a Lineac electron accelerator, a betatron, a 

synchrotron, a cyclotron, or the like. Radiation from these sources 
will produce ionizing radiatier. such as electrons, protons, 
neutrons, deuterons, gamma rays, X rays, alpha particles, and beta 
particles . 

15 The cross -linking reaction is conveniently effected at ropm 

temperature, but it can be conducted at depressed or elevated 
temperatures if desired. It is also within the spirit and scope of 
the invention to effect the cross - linking reaction within the 
confines of an inert atmosphere to prevent interference in the 
20 block copolymer cross -linking, particularly at an exposed surface. 

Additionally, cross-linking may be effected by irradiating the 
composition which is sandwiched between substrates such as when the 
composition is utilized as a tie-layer between these substrates. 
Similarly, when the cross-linking reaction is not conducted within 
25 the confines of an inert atmosphere, release paper may be placed 
over the exposed composition surface contacting and covering same. 
Thus, the composition may be cross-linked by irradiation through 
the release paper or to the substrate. 

The amount of irradiation required to produce a satisfactory 
30 cure depends primarily upon the type and concentration of the block 
copolymer employed and the unsaturation level present in the 
composition. Suitable dosages of electron beam irradiation are in 
the range from 0.5 to 7 Mrad, preferably about 1 Hrad to about 
6 Mrad and more preferably about 1 Mrad to about 3 Mrad. 
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The invention is further illustrated by means of the following 
examples, however, without restricting the scope of the invention 
to these preferred embodiments . 
Preparation of branched block copolymers (I-XII) 

To a first 5 1 reactor about 3 1 of cyclohexane were added, 
which was stripped during about half an hour with nitrogen. After 
addition of 150 g of styrene, the reactor contents were titrated at 
room temperature with a 12 wt% solution of sec.butyllithium (Bull) 
in cyclohexane, whereby any impurities present in the reactor 
mixture were scavenged. Hereafter 15.6 tsmol BuLi were added end the 
temperature was raised to and maintained at 50 *C. After about 
30 minutes the poly(styrene) Li block had been formed and the 
contents were transferred to a second 10 1 reactor, which had 
previously been charged with about 3 1 of cyclohexane being 
stripped with nitrogen during about half an hour and a varying 
amount of diethoxy ethane modifier and 350 g of butadiene which had 
previously been titrated with a butyllithium solution. 

The temperature was raised to 50 *C. A predetermined 
additional amount of BuLi was added to the second reactor in 
•varying amounts and an amount of 500 % sf butadiene was gradually 
dosed ever about 30 ainutes. 

Thereafter the second reactor was brought to and kept at 
80 "C, 7.7 mmoles of SiCl^ were added and the coupling reaction was 
performed in about 30 minutes. 

After about 2 hours 10 g of 2,6-di-tert. -butyl-4-methylphenol 
were added. Hereafter the solvent was removed by steam stripping 
and the obtained polymer was dried in an oven at 60 "C during 
5-6 hours . 

The obtained branched block copolymers are listed in the 

following Table 1: 
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which was up to now prerernuo-j 
eutable adhesive conrpositions. 

*he adhesive oniric* used was composed as follows: 
Block copolymer 100 Pts 
FORAL 85 *> Pbr 

[1010 1 Pta 



Polymer 



Table 3 

«iao-c •to"-" 1 " 





115 


1 






53 


II 




75 


111 






52 


IV 






40 


V 




VI 

KRATON D-1320X 


117 


200 



120 
75 
105 
70 
40 
320 
3B0 
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Table 4 




Melt viscosity * 


Pa.s 




Polymer code 


after 30 min. 


after 180 min. 


XI 


338 


> 2000 


XII 


1900 


'> 2000 


X 


> 2000 


> 2000 


VIII • 


127 


299 


VII. 


B28 


. > 2000 


IX 


1690 


> 2000 


D1320X 


112 


125 



* The adhesive formulation used for melt viscosity measurement 



100 pts polymer 

90 phr FORAL 85 (tradename) 

15 phr SHELLFLEX 451 (tradename) 
2 phr IRGANOX 1010 (tradename) 
and the viscosity was measured with BR00KFIELD THERM0SEL 
(tradename). 

Host of these polymers were found to be very stable under 
processing conditions, the stability improving with the increasing 
vinyl content (polymers IV and V were found to be most stable) . 

The polymers were compounded in adhesive formulations ns 

follows : 

A radiation sensitive adhesive formulation to provide 
radiation curing, based on KRAT0N D-1320X block copolymer, was 
prepared according to the following recipe: 
Block copolymer 100 pts 
REGALITE R91 150 phr 

REGALREZ 1018 60 phr 

IRGACURE 651 3 phr 

IRGAN0X 1010 1 phr 



L. .. . 
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wLe the curing' is done in the butadiene .id-block, the 

— . * - -r-r" r r^. 

^ >^ *~ ~£ ro . l Inch 

uroUs vete coated «lt» 22 S/» 

7th. *-» (« - — « o£ fMse5> ln 



y*tM power 



1 P&SG 



* 2 Passes 



4.2 
0.3 



II °* 5 3 > 280 

III ' >2 80 
> I 16 

IV , >2 80 

V » _ > 280 

vi ■> 116 
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From previous test results it will be clear that polymers I 
and II are outside the present invention as claimed hereinafter.. 

The same test was performed on the samples IV, V and VI, but 
with a load of 1 kg per square inch. The results are as Indicated 
in Table 6: 

Table- 6 

Holding power at 95 'C on 1 kg load on 1 square inch after UV 



1 Pass 2 Pas bos 

(h) (h) 



IV 0.3 > 280 

V 106 > 280 

VI > 280 > 280 



KRATON D-1320X 



Polymers I to VI were also compared to KRATON D-1320X by Shear 
Adhesion Failure Temperature (SAFT) after UV curing. The results 
are given as function of the dosage in Table 7 . 
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Table 7 



C Pass 
<-C) 



1 Pass 
CC) 



2 Passes 
CC) 



I 

II 

III 

IV 



80 

77 
99 
75 
78 



103 
112 
128 

> 188 

> 179 
154 



165 
180 
115 

> 185 

> 185 

> 185 



KRATOS D-1320 X 



77 



148 



Using the following adhesive composition for UV and EB ^ 
radiation: 

Polymer WO * ts 

FORAL 85 9° * nr 

SHELLFLEX 451 « ? hr 

IRGACURE 651 3 P ta 

IBflANOX 1010 2 phr iifite d 

^ polymers m-KLI ^ Sastec as » ^ artex «» ng. 
In the tables 3 and 9. 
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SAFT CO after tJV curing of adhesive compositions 



SAFT, *C 




UV-d 


ose, nuabe 


r of passes at 15 n/min 


Polymer 


S-B 


0 


1 


2 


4 


6 


code 


content % 












XI 


50 


80 


> 200 


> 200 


> 200 


> 200 


XII 


70 


101 


> 200 


> 200 


> 200 


> 200 


X 


100 


115 


> 200 


> 200 


> 200 


> 200 


VIII 


50 


79 . 


93 


> 200 


> 200 


> 200 


VII 


70 


100 . 


151 


> 200 


> 200 


> 200 


IX 


100 


103 


*158 


> 200 


> 200 


> 200 



Table 9 

SAFT CC> after EB curing of- adhesive c ompositions 









Ksg£-£.ds 




Polymer code 


S-B 


0 


1 


2 




content % 








XI 


50 


80 


109 


> 200 


XII 




101 


> 200 


> 200 


X 


100 


115 


146 


. > 200 


VIII 


50 


79 


83 


85 


VII 


70 


100 


113 


126 


IX 


100 


- 103 


120 


137 
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It will be appreciated from the previous examples that a 
significant i-prove-ent in radiation sensitivity could be obtained 
with the polymers of the present invention as compared to KRATOH 

"'"^though some of these polymers e.g. VI. X. « and XII appear 
to have high melt viscosities making them inappropriate for hot 
-It adhesive compositions, they can advantageously be used in 
solution pressure sensitive adhesive compositions due to their 
excellent radiation sensitivity. 

7ac.lt, «rf «t«.ctl« «di.ti«. — l«W U *» 
polymers IV and V. 
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poly(vinylaromatic) block and B is 8 poly (butadiene) block, wherein 
X is the residue of a polyvalent coupling agent, wherein p has a 
number average value of at least 1.5 and wherein q has a number 
average value of 0 or higher, the sun of p and q values being at 
least 4, the block copolymer having an average bound vinylaromatic 
content in the range of from 7 to 35 vt* and preferably in the 
range of from 10 to 20 wt%, and having a total apparent molecular 
weight in the range of from 50.000 to 1,500,000. and wherein the 
vinyl content in the poly (butadiene) blocks is in the range of from 
35 to 70%. 

2. Radiation sensitive block copolymers according to claim 1, 
characterized in that the blocks A are derived from styrene as main 

conponent . 

3. Radiation sensitive block copolymers, according to claims 1 
and 2 , characterized in that the B blocks have an apparent 
molecular weight in the range of from 15.000 to 250,000 and 
preferably from 25,000 to 80.000 and the A blocks have an apparent 
molecular weight in the range of from 5,000 to 125,000 and 
preferably from 7,000 to 50,000 and more preferably from 9,000 to 
12.000. 

4. Radiation sensitive block copolymers according to claims 1-3, 
having the structure (AB) p (B) q X, wherein X is the res: of a 
tetravalent coupling agent . wherein p end q both have a number 
average value in the range from 2.5 to 1.5, whereas the sum of p 
and q values being 4. . 

5. Radiation sensitive block copolymers according to claim 4, 
wherein p and q both have a number average value of from 2.1 to 
1.9. 
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6 Radiation sensitive bloclc copolymers according to claims 4 and 
5 " characterized in that they have a total apparent molecular 
weight in the range of from 200.000 to 300.000. 

7 Radiation sensitive bloclc copolymers according to claims 4-6. 
Lacterized in that the vinyl content in the poly (butadiene) 
blocks is in the range of from 45 to 70%. 

8 Radiation sensitive bloclc copolymers according to claims 1 3 
8. Radian of at lea8t 1<9 

Characterized in that has nunc ^ ^ ^ ^ 

end preferably in the range o fro»3 ^ value of 0 

the range from 3 to 10. vherein , has «* ^ 

or higher, and preferably in ^ang - p/( ^ l8 

0.375 or nor., according to cloi» «. 

,. Elation «•* "'f" XI , L* proforobly i» 

~»M4*icr *o a ui»s 4-7, eonj?rising: 
copolymers according L 



(a) 



25 (b) 



(c) 



K «pxe.«n . . ^ - form . Hoc* -po^r «-U, 

"^t"o^iri-U «i in ran*. - *~ «.» ro 1,10 
• AS near as possible to 1.0; 
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11. Process according to claim 10, characterized in that exactly 
the sane amount of the organolithium compound for the initiation of 
the polymerization of styrene and of butadiene is added. 

12. . Process according to claims 10 and 11, characterized in that 
as coupling agent SiCl^, SnCl^ or DEAP or mixtures thereof are 
used. 

13. Radiation curable sealant, coating or adhesive compositions, 
comprising as main ingredient one cr sore block copolymers 
according to claims 1-9. 

14. Radiation curable adhesive compositions, comprising one or 
more block copolymers according to claims 1-9 in addition to one or 
more usual ingredients such as tackifying resin, extender oil, 
plasticizer, petroleum derived vaxes, antioxidant, photosensitizer 
and a poly(vinylaromatic) block modifying resin. 

15. Radiation curable hot melt adhesive compositions characterized 
in that they comprise one or more of the block copolymers according 

to elaias 4-7. 

16. Radiation curable solution adhesive compositions characterized 
in that they comprise one or more of the block copolymers according 
to claims 8 and 9. 

17. UV radiation curable adhesive compositions, comprising in 
addition to one or more block copolymers according to claims 1-9, 
at least one photo- initiator selected from 2,2 dimethoxy- 2 -phenyl 
acetophenone, benzophenorie , propiophenone , cyclopropyl phenyl 
ketone, acetophenone; 1,3,5-triacetyl benzene, benzaldehyde, 
thioxanthane, anthranuinone , beta naphtyl phenyl ketone., beta 
aaphtaldehyde. bsta-acetonapheone., 2,3-pentanedione, benzil, 
fluoronone, pyrene, benzanthrene , anthracene and the class 
arylketones substituted with morpholino and with hydrocarbyl thio 
groups. 

18. UV radiation curable adhesive compositions according to 
claim 17, comprising 1RGACURE 651 or IRGACURE 907 as photo- 
initiator. 

19. UV radiation curable adhesive compositions according to 
claims 17 and 18. characterized in that the photo- initiator has 



Cop ie d from 10 - 708996 un 05/10/2005" 



WO 93/24547 



PCT/EP93/01407 



^ ioo ^ >* «H>* •« fteletMy * 

th. tm> of from 1 to 4 parts by «ols»t. 

ii. cvrabl. I*** -"^^V 

.ooordlo* » '»•»• ° ^ 

backing sheet. 



INTERNATIONAL SEARCHj^^n^ PCT/Ep 93701407 



. QjUffilHCATWN OPMMCT MATH* (fa 



Int.Cl. 5 "cSfStTmT^ ^SIS/02? 



C09D153/02; 



C08Q81/02 



Int. CI. 5 



C09D ; 



US.A.4 092 375 (VREUGDENHIL) 
30 May 1978 
see abstract 

see claim 1; table 

US.A.4 163 764 (NASH) 

7 August 1979 

see claims 1,8,9,16,18,20 

EP,A,0 008 146 (SHELL INTERNATIONALE 

RESEARCH) 

20 February 1980 

see page 4, line 14 - line 23 

see page 7, line 25 - line 32 

see page 8, line 3 - line 8 



1,2.4,5 



1-6, 
13-20 



-/~ 



b cM n ooattn) dm prtUorioi on * 1 



■ trauaotbtcc 



afOMitMpMlbaUT 



f of ttto UttfLlmtX 5wt ■■an"' 



06 AUGUST 1993 



EUROPEAN PATENT OFFICE 



LOISELET-TAISNE S. 



PCT/EP 93/01407 



W0.A.8 809 800 (AVERY INTERNATIONAL CORP.) 

15 Deceaber 1988 % 

see page 5, line 9 - »« 14; claim 16 
see page 12, line 14 - line 15 

EP.A.O 368 141 (FULLER H B CO.) 

16 May 1990 

see page 4, line « - page 5, line 7; 
claim 1 

US, A, 5 066 728 (AUDET) 

19 November 1991 

see column 3 Unes 21,39,47,58 



1-6, 
13-20 



1,20 



ro pjprl fr o m UUftg O ^ ' II 8 11 I " i'i 'ii' i l " r "" 



ANNEX TO TOE INTERNATIONAL SEARCH REPORT 

ON INTERNATIONAL PATENT APPLICATION NO. fP 930140? . 

SA 74843 



US-A-4092375 30-05-78 



US-A-4163764 07-08-79 



AU-B- 
AU-A- 



CA-A- 



519845 
3713178 

868373 
1120636 



24-12-61 
20-12-79 

22- 12-78 

23- 03-82 



EP-A-0008146 



20-02-80 



US-A- 
AT-T- 
AU-B- 
AU-A- 
CA-A- 
JP-A- 
JP-C- 
JP-B- 
JP-B- 
JP-C- 
JP-A- 



4151057 
3051 
528364 
4980179 
1126688 
1236261 
1626174 
2042846 
1038147 
1554574 
55025494 



24-04-79 
15-04-83 

28- 04-83 
21-02-80 

29- 06-82 
21-09?89 
28-11-91 
26-09*90 
11-08-89 
23-04-90 
23-02-80 



VfOrA-8809800 . 15-12-88 



US-A- 
AU-A- 
EP-A- 
JP-T- 

US-A- 
US-A- 
US-A- 



4948825 
1947388 
0316435 
2500198 
5093406 
5135978 
5115008 



14-08-90 
04-01-89 

24- 05-89 

25- 01-90 

03- 03-92 

04- 08-92 
19-05-92 



EP-A-0368141 


16-05-90 


US-A- 
CA-A- 
. JP-A- 
US-A- 


5024667 
2002358 
2232049 
5057571 


18-06-91 
07-05-90 

14- 09-90 

15- 10-91 


US-A-5066728 


19-11-91 


WO-A- 
US-A- 


9206125 
5135816 


16-04-92 
04-08-92 




